Background
Co-infection of hepatitis C virus (HCV) and human immunodeficiency virus (HIV) is frequently seen due to their common routes of transmission [1, 2] . With the development of highly active antiretroviral therapy (HAART), prognosis of patients with HIV has improved, allowing for a life expectancy comparable to that of the general population [3, 4] . However, HCV-HIV-co-infected patients show rapid progression of fibrosis and a higher mortality rate than patients infected with HIV or HCV alone [5] [6] [7] . However, it remains unclear how these 2 viruses interact with each other.
MicroRNAs (miRNAs) are small-sized RNAs (21 to 25 bp in length) that regulate protein-coding genes by translational suppression or transcript degradation [8] . A recent study demonstrated that miRNAs influence the infection, replication, and host immune response to HCV [9] . MiR-122, the most abundant miRNA found in the liver, positively regulates HCV viral replication. We previously reported that miR-122 is associated with the interferon (IFN) response and could be a useful marker to predict the outcome of IFN therapy [10] . Moreover, miR-27-a is elevated in the HCV-infected liver and can inhibit HCV replication by regulating lipid metabolism [11] .
With regard to HIV infection alone, miR-223 and miR-150 have been reported to inhibit HIV replication [12] . Several previous studies have investigated miRNAs in patients infected with HIV or HCV alone. However, no reports are available regarding the difference between end-stage liver miRNA expression in HIV/HCV co-infected and only HCV-infected groups. In this study, we examined liver miRNA profiles in HIV/HCV-co-infected patients who underwent liver transplantation.
Material and Methods

Patients
A total of 10 HIV/HCV-co-infected patients and 10 HCV-infected patients who underwent liver transplantation in 1 of 4 Japanese institutions involved in this study, were enrolled (Table 1) . Thirteen (7 HCV-infected and 6 HIV/HCV-co-infected patients) of 20 patients were examined using a miRNA array. No patients had hepatocellular carcinoma. The liver function of both groups was similar as per the Child-Pugh score (HCV-infected group: 11.9±1.9; HCV/HIV-co-infected group: 11.2±1.4, p=0.332). All HIV/HCV coinfected patients were treated with HAART (9 patients with nucleoside reverse transcriptase inhibitor [ 
RNA isolation
RNA was extracted from explant liver specimens. Total RNA containing miRNA was isolated from formalin-fixed paraffinembedded (FFPE) liver specimens using the Recover All Total Nucleic Acid Isolation Kit for FFPE (Ambion) according to the manufacturer's protocol.
miRNA microarray miRNA array analysis containing 1347 human miRNAs was performed with the miRNA Complete Labeling and Hub kit (Agilent, Santa Clara, CA). An aliquot of 100 μg of total RNA was taken from each specimen and treated with calf intestine phosphatase, denatured using DMSO, and directly labeled with Cy3 using T4 ligase. Labeled samples were hybridized to the miRNA array 8×15 k (G4878A) platform and washed with the supplied buffer (Agilent, Santa Clara, CA). To identify miRNAs that were significantly differentially expressed between the HCV-infected (n=7) and HIV/HCV-co-infected (n=6) groups, only those samples for which the total RNA extracted was adequate for microarray analysis were used. A difference in miRNA expression between the 2 groups was considered significant if the fold-change of expression values was >2.0 and the p-value was <0.05 using the Student's t test. The correlations were analyzed using Spearman's correlation coefficient. We clustered the miRNA without multiple testing and performed qPCR to validate microarray data, because only 2 miRNAs passed multiple testing.
Quantitative reverse transcription polymerase chain reaction
We validated the miRNAs identified using a miRNA array in all 20 patients. Based on the microarray results (fold-change of >20) and their biological significance in liver disease, miR-101, miR194, and miR-200c were selected for amplification via real-time PCR to confirm the results of microarray analysis.
miR-101b, miR194, and miR-200c, obtained by quantitative reverse transcription polymerase chain reaction, were analyzed using TaqMan MicroRNA assays (Applied Biosystems, Foster City, CA, USA) according to the manufacturer's protocol. The expression of these miRNAs was calculated by the relative standard curve method and normalized to RNU6 levels. Both groups were compared using Student's t test.
Results
Identification of differentially expressed miRNAs
Comparison of 6 HIV/HCV-co-infected patients and 7 HCVinfected patients revealed that 22 miRNAs were significantly differently expressed, as per the miRNA array. Among these, 19 miRNAs were significantly decreased in HIV/HCV-co-infected patients as compared to HCV-infected patients (Figure 1) . Moreover, 5 miRNAs showed the highest fold-change (>20-fold) ( Table 2 ). hsa-miR-101-3p hsa-miR-10b-5p hsa-miR-20b-5p hsa-miR-126-5p hsa-miR-484 hsa-miR-221-3p hsa-miR-1307-3p hsa-miR-892b hsa-miR-193a-5p hsa-miR-500a-5p hsa-miR-423-3p hsa-miR-200b-5p hsa-miR-148a-3p hsa-miR-193a-3p hsa-miR-149-5p hsa-miR-338-3p hsa-miR-664a-3p hsa-miR-650 hsa-miR-200c-3p hsa-miR-1181 hsa-miR-1972 hsa-miR--5p 
Discussion
This is first study to examine the difference in miRNA expression during end-stage liver fibrosis in patients with HIV/HCV co-infection. In a previous study, miRNA expression in peripheral blood mononuclear cells (PBMCs) from patients with HIV/HCV co-infection was examined [13] . HIV/HCV-co-infected patients were shown to develop liver fibrosis more rapidly and had a higher mortality due to more aggressive fibrosis. Therefore, it seems plausible that the miRNA profile can be used to target the liver of HIV/HCV-co-infected patients to develop novel treatment strategies.
The unique feature of this study is the comparison of miR-NA profiles between patients with HIV/HCV co-infection and HCV-infected patients. All patients enrolled in this study were diagnosed with end-stage liver disease and underwent liver transplantation. In fact, the liver function of both groups was similar as per the Child-Pugh score. Therefore, the miR-NA profile is not influenced by liver function. The microarray analysis revealed that 22 miRNAs were significantly differentially expressed between the HCV-infected and HIV/HCV-coinfected groups. Of these miRNAs, miR-101 and miR-194 was Table 2 . Fold-change of miRNA in HIV/HCV-co-infected versus HCV-infected patients.
selected for further analysis because of their biological significance in liver disease. HIV does not infect hepatocytes, but it can replicate in hepatic stellate cells, macrophages, and CD4 + T lymphocytes [14] . The HIV viral protein gp120 can activate cell signaling pathways in hepatic stellate cells and certain immune cells [15, 16] . Therefore, HIV infection may modulate miR-NA expression and promote the progression of liver fibrosis.
Previous studies have demonstrated different cytokine expression levels in the livers of HIV/HCV-co-infected patients and HCV-infected patients [17, 18] . These studies showed that intrahepatic mRNA levels of tumor necrosis factor-a, interleukin (IL)-8, and IL-10 were increased and that of tumor growth factor (TGF)-b was decreased in HIV/HCV-co-infected as compared to HCV-infected patients. Of these, TGF-b is a potent inducer of fibrosis in the effector cells of hepatic fibrosis. A previous in vitro study found that the co-culture of hepatic stellate cells with HIV and HCV resulted in increased expression level of TGF-b [19] . In a recent report, miR-101 promoted the reversal of activated HSCs to a quiescent state by suppressing TGF-b signaling. Moreover, in hepatocytes, miR-101 inhibits TGF-b signaling and suppresses the upregulation of profibrogenic cytokines [20] , whereas miR-101 is downregulated in activated cells when compared to that in quiescent hepatic stellate cells [21] .
Taken together, these results suggest that HIV/HCV co-infection might promote liver fibrosis by modulating the miR-101-TGF-b signal pathway.
A previous study has shown that miR-101 expression is lower in PBMCs of HIV/HCV-co-infected patients compared with that in HCV-mono-infected patients [13] . Thus, HIV may modulate miR-101 expression in the liver. Taking these results together, suppression of HIV virus by therapy could improve liver fibrosis by modulating miR-101 expression.
In a previous in vitro study, inhibition of miR-149 increased HCV entry and HCV RNA replication. In our study, miR-149 showed a significant correlation with HCV viral load. Therefore, HIV coinfection might affect HCV entry and replication. Moreover, mir-149 was associated with inflammation by modulating pro-inflammatory cytokines such as TNFa, IL1b, and IL-6.
Previous studies have shown that the expression of miR-122, miR-22, miR34a, mir-29b, and miR-124 are correlated with liver injury in patients with HIV [22, 23] . However, in our study, expression of these miRNAs was not significantly different. This discrepancy could be attributed to the patient groups studied. Previous studies included patients with mild fibrosis, whereas patients with advanced liver disease only were enrolled in our study. Moreover, previous studies analyzed miR-NA in PBMCs, which may be expressed differently in the liver, as analyzed in this study.
A limitation of this study was the small sample size that included only patients with advanced liver disease. These micro RNAs in patients with middle stages may show different results. Second, we did not enroll an HIV-infected comparison group. Moreover, HIV/HCV co-infected patients were significantly younger compared to HCV-infected patients. Therefore, the miRNA profile could be influenced by age.
In addition, HCV genotype 3 infection is associated with higher steatosis scores than infection with other HCV genotypes (24) . In our study, HIV/HCV co-infected patients had more varied HCV genotypes compared to the HCV-infected patients. Therefore, the higher diversity of HCV genotypes in the co-infection group 
